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Abstract
Leptons, quarks and gauge bosons are assumed to be described by local field
theory. Stringent bound on nonlocal scale can be derived from the high-precision
LEP measurements. We find a bound on nonlocal scale Λnl > 1020 Gev, C.L. 95%
from LEP data.
∗E-mail address: KRASNIKO@MS2.INR.AC.RU
1
At present the standard explanation of the gauge hierarchy problem is the supersym-
metry with the supersymmetry breaking scale MSUSSY ≤ O(1)Tev [1]. However it is
possible to explain the gauge hierarchy problem by postulation that there is a nonlocal
scale Λnl ≤ O(10)Tev [2] in nature. The main idea of the nonlocal field theory [3] consists
in the use of nonlocal propagator
Dnl(p
2) = Vnl(p
2)(p2 −m2 + iǫ)−1 (1)
instead of local propagator Dl(p
2) = (p2 −m2 + iǫ)−1. Here Vnl(p
2) is an entire function
on p2 decreasing in the euclidean region p2 < 0 that leads to the ultraviolet convergence
of the perturbation theory in the case of nonlocal field theory [3]. Typical example of
nonlocal formfactor is Vnl(p
2) = exp( p
2
Λ2
nl
). For one-loop correction to the Higgs boson
mass we have the following estimate [2]:
δm2H = O(
g22
16π2
)Λ2nl (2)
Using the well known upper bound [4] mH ≤ 1Gev on the Higgs boson mass and requiring
that δm2H ≤ m
2
H one can find an upper bound for nonlocal scale [2]
Λnl ≤ O(10)Tev (3)
So if quantum field theory with nonlocal scale is responsible for the solution of the gauge
hierarchy problem we should expect the existence of very low nonlocal scale compared to
the Planck scale MPL = 1.2 · 10
19 Gev.
In this note we find a bound on nonlocal scale Λnl > 1020Gev, C.L. 95% from high-
precision LEP data. As it has been mentioned before the main idea of nonlocal field
theory consists in the use of nonlocal propagator (1) instead of local propagator. At the
language of Lagrangians nonlocal propagator (1) corresponds to nonlocal Lagrangian
Lnl =
1
2
φ(x)[V −1(−✷x)(✷x +m
2)]φ(x) (4)
for scalar particles. Here ✷x = ∂
µ∂µ. For the gauge fields the corresponding nonlocal
Lagrangian has the form
Lnl,g = −
1
2
Tr[Fµν(x)V
−1(−✷x)F
µν(x)] , (5)
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where
Fµν(x) = ∂µAν(x)− ∂νAµ(x) + ig[Aµ(x), Aν(x)] , (6)
✷x = (∂µ − igAµ(x))(∂
µ
− igAµ(x)) . (7)
In this paper we shall assume that nonlocal formfactor V (p2) is the same for SU(3),
SU(2) and U(1) gauge groups. It appears that in the first approximation the nonlocale
Lagrangian of the type (4) for quarks and leptons does not lead to the observable effects
for the LEP measurements so we neglect this type of nonlocality. Typical example for the
nonlocal formfactor V (p2) is [3]
Vnl(p
2) = [
sin(−p2l2)1/2
(−p2l2)1/2
]2 . (8)
The formfactor (5) has the meaning of the uniformly distributed charge with the radius
l [3]. The introduction of the nonlocal formfactor Vnl(p
2) leads to the propagator for the
Z-boson
Dµν(p
2) =
gµν −
pµpν
p2
p2V −1nl (p
2)−M2Zo
(9)
At present the most accurate and ”theoretically clean” LEP observables are the leptonic
widths and leptonic forward-backward asymmetries. We have the following formulae for
the leptonic widths and asymmetries [5, 6]
Γl = 2
0.5GµM
3
z (g
2
V + g
2
A)(1 +
3α
4π
)
1
12π
, (10)
AFB =
3g2Ag
2
V
(g2V + g
2
A)
2
, (11)
where at the tree level
gA = −
1
2
, (12)
gV = −
1
2
+ 2 sin2(θw) . (13)
The corresponding one-loop formulae for vector and axial coupling constants are well
known [5, 6]. For instance, for the axial coupling constant in notations of ref.[6] we have
gA = (1−
1
2
Πw(0) +
1
2
ΠZ(M
2
Z)−
1
2
D −
1
2
Σ
′
Z(M
2
Z))(−
1
2
+ 2csFA) . (14)
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Analogous formula takes place for the vector coupling constant gV . For the nonlocal
formfactor Vnl(p
2) we have the asymptotic expansion
Vnl(p
2) = 1 +
p2
Λnl
+O((
p2
Λ2nl
)2) . (15)
One can find using the formula (15) that an account of nonlocal propagator (9) for Z-boson
leads to an additional factor
K = 1 +
M2Z
2Λ2nl
+O((
M2Z
Λ2nl
)2) (16)
for axial and vector lepton coupling constants. We have used the following LEP measure-
ments as input [7]: the mass of the Z, MZ = 91.197 ± 0.007 Gev, the total width of the
Z, ΓZ = 2.490 ± 0.007 Gev, the ratio of the hadronic partial width to the partial width
for Z decay into electron, muon and tau pairs Re = 20.76 ± 0.08, Rµ = 20.76 ± 0.07,
Rτ = 20.80 ± 0.08 and the effective leptonic axial and vector couplings with Z-boson
glA = −0.5008 ± 0.0008, g
l
V = 0.0377 ± 0.0016. In our analysis we used the formulae
of ref.[6] to estimate the standard one-loop corrections. We took the top quark and the
Higgs boson masses in the interval 130Gev ≤ mt ≤ 190Gev, 60Gev ≤ mH ≤ 500Gev. For
Λ2nl > 0 we have found that
Λnl > 1020(1320)Gev, C.L.95%(C.L.68%) . (17)
For the less probable from the theoretical point of view case Λ2nl < 0 (typical formfactor
for this case is Vnl(p
2) = exp(− p
2
Λ2
− c1(
p2
Λ2
)2) ) we have found that
− Λ2nl > (930Gev)
2((1140Gev)2), C.L.95%(C.L.68%) (18)
For the nonlocal formfactor(8) bound (17) corresponds to the bound
l < 2.4(1.9) · 10−17cm, C.L.95%(C.L.68%) (19)
for nonlocal radius. Note that in ref.[8] bounds on the radii of quarks and leptons and
their weak anomalous magnetic moments have been derived from the high-precision mea-
surements at LEP and SLC. The authors of ref.[8] have found bound R ≥ 10−17cm for
quark and lepton radii that is very closed to our bound (19).
4
To conclude, in this note we have found a bound on nonlocal scale Λnl > 1020 Gev
(C.L.95%) from LEP measurements. If the nonlocal scale is responsible for the solution
of the gauge hierarchy problem then it could be discovered at LHC provided that Λnl ≤
10 Tev (the nonlocal glueon propagator will change the prediction for the two jet cross
sections compared to standard QCD case).
I am indebted to the collaborators of the INR theoretical department for discussions
and critical comments. I thank prof. P.M.Zervas for sending me preprint [8]. The re-
search described in this publication was made possible in part by Grant N6G000 from the
International Science Foundation and by Grant 94-02-04474-a of the Russian Scientific
Foundation.
5
References
[1] For reviews, see: H.P.Nilles, Phys.Rep.110(1984)1; G.G.Ross, Grand Unified Theo-
ries (Benjamin, New York 1984); R.N.Mohapatra, Unification and Supersymmetry
(Springer, New York 1992).
[2] N.V.Krasnikov, Soviet Journal Theoretical and Mathematical Physics,73(1987)325;
N.V.Krasnikov, Phys.Lett.B214(1988)363.
[3] G.V.Efimov, Non-local Interactions of Quantum Fields, Nauka, Moscow (1977)
(in russian); V.A.Alebastrov and G.V.Efimov, Commun. Math. Phys.38(1974)11;
G.V.Efimov, Annals of Phys.7191972)466.
[4] B.W.Lee, C.Quigg and H.B.Thacker, Phys.Rev.Lett.38(1977) 1330.
[5] For reviews, see: G.Altarelli, R.Kleiss and C.Verzegnassi,eds., Physics at LEP 1,
vol.1, CERN report CERN 89-08(CERN, Geneva, 1989); R.Barbieri, Lectures given
at the Cargese Summer School, july 1992, CERN Preprint CERRN-TH.6659/92.
[6] V.A.Novikov, L.B.Okun and M.I.Vysotsky, Nucl.Phys.B397 (1993)35.
[7] Particle Data Group, Phys.Rev.D50(1994)1173.
[8] G.Kopp, D.Schaile, M.Spira and P.M.Zervas, Bounds on Radii and Magnetic Dipole
Moments of Quarks and Leptons from LEP, SLC and HERA, DESY Preprint, DESY
94-148 .
6
